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ELECTRO-OPTICAL DEVICE, INSPECTION METHOD THEREFOR, AND 

ELECTRONIC EQUIPMENT 

BACKGROUND OF THE INVENTION 
Technical Field of the Invention 

[0001] The present invention relates to an electro-optical device, an inspection 
method for the same, and electronic equipment. 
Description of the Related Art 

[0002] As is well known, liquid crystal apparatuses are extensively used as the 
display units in a variety of electronic equipment, such as cellular telephones. Such a 
liquid crystal apparatus has a pair of substrates attached to each other through the 
intermediary of a sealing member, liquid crystal supported between the two substrates, and 
a plurality of electrodes for applying a voltage to the liquid crystal. More specifically, in a 
typical configuration, a drive signal output from a driver IC mounted on a substrate or a 
flexible substrate or the like is supplied to each electrode via wires formed on the 
substrate. 

[0003] In a process for manufacturing such a liquid crystal apparatus, a so-called 
lighting inspection is generally performed. In the lighting inspection, it is determined 
whether all pixels normally light. To perform the lighting inspection, first, a plurality of 
inspection terminals provided on an inspection apparatus are brought into contact with the 
wires formed on a substrate. Then, predetermined drive signals are supplied from the 
inspection terminals to a plurality of electrodes via the wires. And an image displayed as a 
result is observed visually or by a CCD (Charge Coupled Device) camera so as to 
determine whether all pixels normally light. 
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[0004] However, in the case that the intervals among the wires formed on the 
substrate are small, it is extremely difficult to accurately bring respective inspection 
terminals into contact with desired wires. More specifically, in the case that the interval 
between adjoining wires is small, it is difficult to have one inspection terminal in contact 
only with a single wire. This results in undesirable contact of the inspection terminal with 
two adjoining wires, thereby preventing accurate inspection from being accomplished. 

[0005] Furthermore, increasing the number of electrodes to achieve a higher 
display definition automatically requires more wires. In this case, it is necessary to reduce 
an interval between adjoining wires on a substrate. Accordingly, the problem described 
above becomes more marked. When COG (Chip On Glass) technology is used to mount a 
driver IC on a substrate, the wires on a projecting region must be concentrated in a region 
where the driver IC is to be mounted, and the intervals among the wires are reduced in the 
vicinity of the region. Hence, the problem described above exists in this case also. These 
problems will arise also in another electro-optical device, such as an EL apparatus 
employing an EL (Electro-Luminescence) layer as its electro-optical material. 

[0006] The present invention has been made in view of the situations described 
above, and it is a feature of the present invention to provide an inspection method for an 
electro-optical device that permits accurate inspection even in the case that intervals 
among wires formed on a substrate are small, an electro-optical device for which the 
inspection method is used, and electronic equipment employing the electro-optical device. 

SUMMARY OF THE INVENTION 
[0007] To solve the problems described above, an electro-optical device in 
accordance with the present invention is equipped with a substrate holding an electro- 
optical material, and a plurality of wires that have routing wire portions formed in a region 
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other than a region opposing the electro-optical material in the substrate, wherein a routing 
wire portion of each of the wires has a first portion and a second portion that has a width 
smaller than that of the first portion. In other words, the routing wire portion of each of 
the wires has the first portion and the second portion, and the intervals between adjoining 
routing wire portions at the second portions are larger than the intervals at the first 
portions. 

[0008] Generally, in the inspection process for an electro-optical device, it is 
necessary to have inspection terminals in contact with wires exposed on a substrate (i.e., 
the routing wire portions). However, if the intervals among the wires are extremely small, 
there may be an inconvenience, for example, in that one inspection terminal undesirably 
comes in contact with two wires, making it difficult to accomplish accurate inspection. 
According to the electro-optical device in accordance with the present invention, the width 
of the second portion in the routing wire portion is smaller than the width of the first 
portion. In other words, the interval between adjoining wires at the second portions is 
larger than the interval at the first portions. Hence, by bringing the inspection terminal 
into contact with the second portion, it will be possible to avoid a situation that the 
inspection terminal contacts another wire even in the case that the inspection terminal to 
be in contact only with one of the wires is slightly shifted. Therefore, according to the 
present invention, even in the case that the intervals among the wires formed on the 
substrate (to be more accurate, the intervals at the first portions) are extremely small, the 
inspection using the inspection terminals can be accurately performed. 

[0009] To implement such an action, it is alternatively conceivable, for example, to 
reduce the width of the entire routing wire portion. However, this configuration would 
cause a problem of an increased wire resistance or a problem in that the wires are easily 
broken. According to the present invention, the width of only a part (the second portion) 
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of the routing wire portion is reduced, thus reducing the occurrence of the above 
problems. 

[00010] The electro-optical device described above is preferably provided 
with a driver IC that is mounted in a region other than a region opposing the electro- 
optical material in the substrate and that supplies output signals to the wires. Thus, in the 
case that the driver IC is mounted on a substrate by using the COG technology, many 
wires must be concentrated in the region where the driver IC is mounted, thereby making 
it necessary to reduce the intervals among the wires. Therefore, a particularly marked 
advantage can be obtained by applying the present invention, which realizes accurate 
inspection even when the intervals among wires are small, to an electro-optical device 
with a driver IC mounted on a substrate thereof. 

[00011] Also desirable is a configuration in which pixels constructed by a 
plurality of sub-pixels respectively corresponding to different colors and color filters of 
the colors corresponding to the respective sub-pixels are provided. In an electro-optical 
device that enables full-color display, a plurality of sub-pixels corresponding to different 
colors make up one pixel. Hence, the electro-optical device that enables full-color display 
has more wires than a monochromic display electro-optical device that has the same 
number of pixels, so that the intervals among the wires need to be reduced. However, the 
present invention enables accurate inspection even in the case that the intervals among the 
wires are small as mentioned above. 

[00012] In an electro-optical device equipped with a plurality of first 
electrodes and a plurality of second electrodes that are located on the other side of the first 
electrodes, sandwiching the electro-optical material therebetween and that extend in a 
direction for intersecting with the first electrodes, the wires may connect to either the first 
electrodes or the second electrodes, whichever have more electrodes. In other words, 
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usually, wires connecting to many electrodes make it difficult to accomplish accurate 
inspection because of their small intervals. However, providing the wires with the first 
portions and the second portions allows accurate inspection to be implemented. 

[00013] In the electro-optical device according to the present invention, 
preferably, the wire has a first layer and a second layer that has a resistance value lower 
than that of the first layer, and the second layer is formed to correspond at least to the 
second portion in the wire. In the case that the width of the second portion is set smaller 
than that of the first portion, the resistance value in the second portion will be conceivably 
higher. However, constructing the second portion from the first layer and the second layer 
that has a lower resistance value than the first layer makes it possible to control a rise in 
the resistance value attributable to a smaller width. To be more specific, it is conceivable 
to form the first layer from a metal oxide film and to form the second layer from a metal 
film. Furthermore, in an electro-optical device equipped with an electrode that is formed 
on the substrate and applies a voltage to the electro-optical material, it is desirable to form 
the first layer made of the metal oxide film by using the same layer as the electrode. This 
makes it possible to simplify the manufacturing process and reduce manufacturing cost, as 
compared with a case that the first layer and the electrode are formed in separate steps. 

[00014] When a wire having a first layer and a second layer is adopted, it is 
preferable to avoid for forming the second layer the portion where the wire and the driver 
IC are connected . In the case that the second layer is formed from, for example, silver or 
an alloy containing silver as a primary component, a problem may arise in that the second 
layer easily comes off the substrate when subjected to an external force. However, by 
avoiding for forming the second layer the portion where the wire and the driver IC are 
connected, it will be possible to prevent a force from the driver IC from affecting the 
second layer, thereby making it possible to prevent the second layer from coming off the 
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substrate. 

[00015] It is also preferable to substantially align the second portions for the 
plurality of wires. This is advantageous in that a plurality of inspection terminals to be 
brought into contact with the second portions of the individual electrodes are arranged 
substantially in a row in an inspecting apparatus used for the lighting inspection, thus 
achieving a simpler configuration. 

[00016] The present invention can be applied to a liquid crystal apparatus 
having liquid crystal, which is the electro-optical material, supported between the 
substrate and another substrate attached to each other through the intermediary of a sealing 
member. In the electro-optical device to which the present invention is applied, in the case 
that the wire is formed to have a first layer and a second layer having a resistance value 
lower than that of the first layer, it is desirable to form the second layer so as to correspond 
to at least the second portion in the wire and to avoid the region where the sealing member 
is formed in the substrate. This makes it possible to control a rise in the resistance value 
caused by reducing the width of the wire at the second portion. Moreover, in the case that 
the second layer is formed of, for example, a silver alloy, a problem may arise in that the 
second layer easily comes off a substrate. However, by avoiding for forming the second 
layer the region, where the sealing member has been formed, , it will be possible to 
prevent a force from the sealing member from affecting the second layer, thus making it 
possible to prevent the second layer from coming off the substrate. 

[00017] The present invention can be applied also to a variety of electro- 
optical devicees, such as an EL apparatus employing an EL luminescent layer as the 
electro-optical material, in addition to liquid crystal apparatuses. 

[00018] Furthermore, to solve the problems, electronic equipment in 
accordance with the present invention is provided with the electro-optical device described 
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above as a display unit. As described above, the electro-optical device in accordance with 
the present invention allows accurate lighting inspection even in the case of the small 
intervals among wires , so that the possibility of the electro-optical device incurring 
display failure can be reduced in the electronic equipment incorporating the electro-optical 
device. The advantages provided by the present invention will be particularly marked in a 
configuration wherein a driver IC is mounted on a substrate or a configuration wherein the 
second portions are substantially aligned for a plurality of wires. 

[00019] Furthermore, to solve the problems described above, there is 
provided an inspection method for an electro-optical device equipped with a substrate 
holding an electro-optical material, and a plurality of wires that have routing wire portions 
formed in a region other than the region opposing the electro-optical material in the 
substrate, wherein the routing wire portion of each of the wires has a first portion and a 
second portion having a width smaller than that of the first portion, the inspection method 
including a step for bringing an inspection terminal into contact with the second portion of 
the routing wire portion in each of the wires, a step for supplying a predetermined drive 
signal to the wire via the inspection terminal, and a step for determining whether the 
electro-optical device is good or bad on the basis of an image displayed by supplying the 
drive signal. 

[00020] In an electro-optical device to which the inspection method is 
applied, even in the case that the intervals among wires have to be made extremely small, 
relatively large intervals can be secured among the wires at the second portions. 
Therefore, even when the inspection terminal brought into contact with each wire is 
slightly shifted from the wire to contact with, it will be possible to avoid a situation where 
the inspection terminal contacts another adjacent wire. Therefore, even in the case of the 
extremely small intervals among wires, accurate inspection can be performed. 
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[00021] In the step for bringing an inspection terminal into contact with the 
routing wire portion in the inspection method, it is desirable to bring the plurality of 
inspection terminals into contact with the second portions of the wires at a time. This 
makes it possible to determine the presence of disconnection or short circuit in many wires 
at the same time, permitting highly efficient inspection to be performed. In the step for 
bringing the inspection terminals into contact with the routing wire portions, it is desirable 
to abut the inspection terminals substantially shaped like flat plates against the wires to 
flex the inspection terminals thereby to cause the inspection terminals and the wires to be 
in surface contact with each other. Bringing the inspection terminals and the second 
portions into surface contact in this manner allows predetermined drive signals to be 
securely applied to the wires, further improving inspection accuracy to be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00022] Fig. 1 is a top plan view showing general configuration of a liquid 
crystal apparatus according to a first embodiment of the present invention. 

[00023] Fig. 2 is a sectional view taken at the line A-A f in Fig. 1. 

[00024] Fig. 3 is a top plan view showing an enlarged view of a routing wire 
portion of the liquid crystal apparatus. 

[00025] Fig. 4 shows a top plan view and a side view showing an 

appearance of an inspection apparatus used for a lighting inspection of the liquid crystal 
apparatus. 

[00026] Fig. 5 is a perspective view illustrating a state wherein inspection 
terminals of the inspection apparatus and the routing wire portions of the liquid crystal 
apparatus are in contact during an inspection performed using the inspection apparatus. 

[00027] Fig. 6 is a perspective view showing general configuration of a liquid 
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crystal apparatus according to a second embodiment of the present invention. 

[00028] Fig. 7 is a partial sectional view showing configuration observed 
when a liquid crystal panel constituting the liquid crystal apparatus is cut in a direction of 
X. 

[00029] Fig. 8 is a partial sectional view showing configuration observed 
when the liquid crystal panel is cut in a direction of Y. 

[00030] Fig. 9 is a top plan view showing configuration of pixels in the liquid 
crystal panel and configuration of the vicinity of a sealing member. 

[00031] Fig. 10 is a sectional view taken at the line C-C in Fig. 9. 

[00032] Fig. 11 is a partial sectional view showing the vicinity of a region 
wherein a driver IC is mounted in the liquid crystal panel. 

[00033] Fig, 12 is a partial top plan view showing the vicinity of the region 
wherein the driver IC is mounted in a rear-side substrate of the liquid crystal panel. 

[00034] Fig. 13 (a) through (e) are sectional views showing process steps for 
manufacturing the rear-side substrate in the liquid crystal panel. 

[00035] Fig. 14 (f) through (i) are sectional views showing process steps for 
manufacturing the rear-side substrate in the liquid crystal panel. 

[00036] Fig. 15 is a partial sectional view showing configuration observed 
when a liquid crystal panel of a liquid crystal apparatus according to a third embodiment 
of the present invention is cut in a direction of X. 

[00037] Fig. 16 is a partial sectional view showing configuration observed 
when the liquid crystal panel is cut in a direction of Y. 

[00038] Fig. 17 is a perspective view showing general configuration of an EL 
apparatus according to a fourth embodiment of the present invention. 

[00039] Fig. 18 is a sectional view taken at the line D-D' in Fig. 17. 
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[00040] Fig. 19 is a perspective view showing general configuration of a 
liquid crystal apparatus according to a modification of the present invention. 

[00041] Fig. 20 is a perspective view showing configuration of a personal 
computer that is an example of electronic equipment using an electro-optical device 
according to the present invention. 

[00042] Fig. 21 is a perspective view showing configuration of a cellular 
telephone that is an example of the electronic equipment using the electro-optical device 
according to the present invention. 

[00043] Fig. 22 is a perspective view showing configuration of the rear side 
of a digital still camera that is an example of the electronic equipment using the electro- 
optical device according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00044] The embodiments of the present invention will now be described 
with reference to the drawings. The embodiments represent some modes of the present 
invention, and should not limit the present invention. Arbitrary modifications may be 
made within the scope of the present invention. In the drawings to be shown below, layers 
and members are not drawn to scale in order to show the layers and members in 
recognizable sizes in the drawings. 

[00045] First, as an electro-optical device in accordance with the present 
invention, a liquid crystal apparatus employing liquid crystal as an electro-optical material 
will be illustrated. This embodiment illustrates a so-called transmissive type liquid crystal 
apparatus in which light incident from a rear side is admitted to an observing side so as to 
perform display. This, however, should not be considered to restrict the scope of 
application of the present invention thereto. 
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[00046] Fig. 1 is a perspective view showing an entire configuration of a 
liquid crystal panel of a liquid crystal apparatus according to an embodiment of the 
present invention. Fig. 2 is a view showing a part of the section observed from a line A- A' 
in Fig. 1. As shown in these drawings, a liquid crystal panel 100 is configured such that 
liquid crystal 30 is sealed in between a rear-side substrate 10 and an observing-side 
substrate 20 that are attached to each other through the intermediary of a frame-shaped 
sealing member 40. The rear-side substrate 10 has a region 10A projecting from the 
observing-side substrate 20 (i.e., the region not opposing the observing-side substrate 20. 
The region will be hereinafter referred to as "the projecting region"). In the projecting 
region 10A, a driver IC 50 for driving the liquid crystal panel 100 is mounted by using 
COG technology. Furthermore, an FPC (Flexible Printed Circuit) board 54 is joined to an 
area in the vicinity of an edge of the projecting region 10A. A backlight unit will actually 
be disposed at the rear side of the liquid crystal panel 100. However, it will not be 
illustrated and explained because it is not directly related to the present invention. In this 
configuration, the light emitted by the backlight unit is transmitted through the rear-side 
substrate 10, the liquid crystal 30, and the observing-side substrate 20 to be visually 
recognized by an observer. 

[00047] On the inner surface (adjacent to the liquid crystal 30) of the rear- 
side substrate 10, a plurality of segment electrodes 111 extending in a direction Y shown 
in Fig. 1 are formed. The segment electrodes 111 are formed from a transparent 
conductive material, such as ITO (Indium Tin Oxide). Although in Fig. 1, the segment 
electrodes 111 are illustrated as a single straight line to prevent the drawing from 
becoming complicated, the actual segment electrodes 111 are a band-shaped electrode 
assembly having a predetermined width (the same for a common electrode 112, which will 
be discussed hereinafter). 
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[00048] The segment electrodes 111 are formed on the rear-side substrate 10 
such that they extend from the region (the region in the sealing frame) opposing the 
observing-side substrate 20 to the projecting region 10A. To be more specific, the 
segment electrodes 111 are drawn out of the frame of the sealing member 40, and 
extended toward the region wherein the driver IC 50 is mounted. Hereinafter, the portion 
of the segment electrodes 111 that is formed in the projecting region 10A will be denoted 
as a "routing wire portion 111 A", as shown in Fig. 1. One end of the routing wire portion 
111 A is connected to an output bump (projecting electrode) 51 of the driver IC 50. More 
specifically, as shown in Fig. 2, in a state wherein the driver IC 50 is joined onto the rear- 
side substrate 10 through the intermediary of an adhesive agent 56, the output bump 51 
formed on the output terminal of the driver IC 50 and the end of the routing wire portion 
111 A are brought into conduction through the intermediary of conductive particles 57 
dispersed in the adhesive agent 56. 

[00049] In the region of the inner surface of the observing-side substrate 20, 
which region opposes the rear-side substrate 10, a plurality of common electrodes 112 are 
formed that extend in a direction orthogonal to the segment electrodes 111 (i.e., in a 
direction X shown in Fig. 1). Each of the common electrodes 112 is a band-shaped 
electrode formed from a transparent conductive material, such as ITO, and formed to 
reach the vicinity of a peripheral edge in contact with the projecting region 10 A in the 
observing-side substrate 20. The portion reaching the vicinity of the peripheral edge is 
electrically connected with routing wire portions 112 A formed on the rear-side substrate 
10, through an anisotropic conductive film (not shown in the drawing) installed between 
the rear-side substrate 10 and the observing-side substrate 20. The routing wire portions 
112A are formed of the same layer as that of the segment electrodes 111 (and the routing 
wire portions 111A) on the rear-side substrate 10. Each of the routing wire portions 112A 
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extends to reach the region where the driver IC 50 is to be mounted, and the ends thereof 
are connected to output bumps 51 of the driver IC 50. Specifically, as in the case of the 
routing wire portions 111A, the ends of the routing wire portions 112A connect to the 
output bump 51 of the driver IC 50 through the conductive particles 57 in the adhesive 
agent 56. 

[00050] Practically, the surface of the rear-side substrate 10 on which the 
segment electrodes 111 are formed and the surface of the observing-side substrate 20 on 
which the common electrodes 112 are formed are covered with alignment layers rubbed in 
a predetermined direction, which are not shown in the drawing. Furthermore, the outer 
surfaces of the rear- side substrate 10 and the observing substrate 20 are provided with 
polarizers or retardation films attached thereto, which are not shown either in the drawing. 

[00051] Fig. 3 is a top plan view showing an enlarged view of the shape of 
the routing wire portions 111A formed in the projecting region 10A. As shown in the 
drawing, each of the routing wire portions 111 A has first portions 113 including both ends 
of the routing wire portion 111 A and a second portion 114 positioned in the vicinity of the 
center of the routing wire portion 111 A in the extending direction (i.e., both ends are 
sandwiched by the first portions 113). A width Wl of the second portion 114 is smaller 
than a width W2 of the first portions 113. For example, the width Wl is approximately 23 
ixm, and the width W2 is approximately 34 fxm. In other words, an interval W3 between 
the second portions 114 in the adjoining routing wire portions 111A is set to be larger than 
an interval W4 between the first portions 113. For instance, the interval W3 is 
approximately 28 jtxm, and the interval W4 is approximately 16 jam. Furthermore, in this 
embodiment, the second portions 114 of the routing wire portions 111 A are substantially 
aligned over the plurality of the routing wire portions 111 A, as shown in Fig. 3. Namely, 
the second portions 114 are formed substantially at the same position in the direction in 
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which the routing wire portions 111 A extend. 

[00052] The configuration of the routing wire portions 111 A has been 
described. The routing wire portions 112A connected to the common electrodes 112 have 
the same configuration as that of the routing wire sections 11 1A. More specifically, the 
routing wire portions 112A also have the first portions 113 and the second portions 114, 
and the second portions 114 have widths smaller than those of the first portions 113. In 
addition, the second portions 114 of the routing wire portions 111 A and the second 
portions 114 of the routing wire portions 112A are arranged so that they are substantially 
aligned. In the following descriptions, the routing wire portions 111 A continuing to the 
segment electrodes 111 and the routing wire portions 112A connected to the common 
electrodes 112 will be referred to simply as "routing wire portions 11" unless it is 
particularly necessary to discriminate them. 

[00053] As shown in Fig. 1 and Fig. 2, wires 115 are formed in the projecting 
region 10A such that they extend from a peripheral edge of the projecting region 10A to 
the region where the driver IC 50 is mounted. As shown in Fig. 2, one end of each of the 
wires 115 is connected to an input bump 52 formed on an input terminal of the driver IC 
50 through the intermediary of the conductive particles 57 in the adhesive agent 56. 

[00054] An FPC board 54 has a base member 541 and a plurality of wires 
542. The base member 541 is a film-type member formed of polyimide, for example. The 
wires 542 serve to supply signals output from an external unit, not shown in the drawing, 
to the input terminal of the driver IC 50, and are formed on the surface of the base member 
541. As shown in Fig. 2, the base member 541 of the FPC board 54 is joined to the rear- 
side substrate 10 through the intermediary of an adhesive agent 58. The wires 542 on the 
base member 541 connect to the wires 115 on the rear-side substrate 10 through the 
intermediary of conductive particles 59 dispersed in the adhesive agent 58. 
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[00055] In the aforesaid configuration, upon receipt of various signals (e.g., 
clock signals,) related to a display image from external equipment through the 
intermediary of the FPC board 54 and the wires 115, the driver IC 50 generates drive 
signals based on the received signals. The drive signals are applied to the segment 
electrodes 111 and the common electrodes 112, respectively, through the intermediary of 
the routing wire portions 111 A and 112A. The orientation of the liquid crystal 30 
sandwiched between the rear-side substrate 10 and the observing-side substrate 20 
changes as a voltage based on a drive signal is applied across the segment electrodes 111 
and the common electrodes 112. This means that the regions at the intersections of the 
segment electrodes 111 and the common electrodes 112 function as pixels. 

[00056] The configuration of the inspection apparatus used for the lighting 
inspection of a liquid crystal apparatus will now be described. Fig. 4 provides a top plan 
view and a side view that show the appearance of the inspection apparatus. As shown in 
the drawing, an inspection apparatus 60 has a main unit 61, a circuit board 62, and a 
plurality of inspection terminals 63. The main unit 61 is made of a substantially 
rectangular plate-like member, and formed such that the vicinity of one peripheral edge 
(the upper peripheral edge in Fig. 4) is sloped when observed from the other peripheral 
edge. 

[00057] The circuit board 62 and the plurality of inspection terminals 63 are 
provided on one surface of the main unit 61. The circuit board 62 has diverse circuits for 
supplying inspection drive signals to the plurality of inspection terminals 63. Each of the 
inspection terminals 63 is a long member formed of a conductive material. One end of 
each of the inspection terminals 63 is connected to the circuit board 62. The portion in the 
vicinity of the other end of each of the inspection terminals 63 is bent along the slope of 
the main unit 61, and the distal end portion thereof projects from the peripheral edge of the 
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main unit 61. As shown in Fig. 4, the distal end portions of the inspection terminals 63 are 
made thinner than the remaining portions thereof, and are arranged to be substantially 
aligned along the peripheral edge of the main unit 61. 

[00058] Subsequently, a specific procedure for performing the lighting 
inspection of the liquid crystal apparatus by using the inspection apparatus 60 will be 
described. The inspection is performed on a liquid crystal panel before the driver IC 50 is 
mounted on the projection region 10A of the rear-side substrate 10. 

[00059] First, as shown in Fig. 5, the plurality of inspection terminals 63 
provided on the inspection apparatus 60 are respectively brought into contact with the 
second portions 114 of the routing wire portions 11 (111A and 112A) formed on the 
projecting region 10A. As stated above, the second portions 114 are formed to be aligned 
all over the routing wire portions 111A and 112A. Hence, all the plurality of inspection 
terminals 63 can be brought into contact with the second portions of all the routing wire 
portions 11 at a time. 

[00060] Then, the inspection terminals 63 are flexed by abutting them against 
the routing wire portions 11. As a result, the ends and the adjacent portions of the 
inspection terminals 63 are brought into surface contact with the routing wire portions 11. 
In Fig. 5, the portions where the inspection terminals 63 and the routing wire portions 11 
are in surface contact are hatched. In this embodiment, even when the flexed inspection 
terminals 63 are brought into surface contact with the routing wire portions 11, the 
inspection terminals 63 contact only the second portions 114 of the routing wire portions 
11, not contacting the first portions 113. In other words, the position and a length L of the 
second portions 114 of the routing wire portions 11 in the extending direction thereof are 
decided based on the region where the inspection terminals 63 are brought into surface 
contact. A conceivable specific value for the length L is, for example, approximately 1 
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mm. 

[00061] Next, with the inspection terminals 63 in contact with the second 
portions 114 of the routing wire portions 11, predetermined test drive signals are supplied 
from the circuit board 62 to the inspection terminals 63. The test drive signals are 
supplied to the segment electrodes 111 and the common electrodes 112 through the 
intermediary of the inspection terminals 63. The signal levels of the test drive signals and 
the electrodes to be supplied with the test drive signals are preset so as to cause all pixels 
to light up. 

[00062] When all pixels of the liquid crystal apparatus are lit up by the 
supplied test drive signals, an operator visually observes a display surface to check for any 
pixels that are not normally lit up. As a result, it is determined that the liquid crystal 
apparatus is good in the case that all the pixels are normally lit while it is determined that 
liquid crystal apparatus is bad in the case that any one of the pixels are not lit, for which it 
can be considered that some kind of fault, such as a disconnected electrode, has taken 
place. 

[00063] As described above, in this embodiment, the width of the portions 
(the second portions 114) of the routing wire portions 11 formed on the projecting region 
10A that are to be in contact with the inspection terminals 63 is smaller than the width of 
the other portions (the first portions 113). In other words, the interval between the 
adjoining routing wire portions 11 is larger in the portions to be contacted by the 
inspection terminals 63 than the interval between the other portions. Hence, in the state 
shown in Fig. 5, for example, in the case that the inspection apparatus 61 is slightly shifted 
in the direction indicated by an arrow B in the drawing, or in the case that the positions of 
the inspection terminals 63 are slightly shifted at the time of bringing the inspection 
terminals 63 into contact with the routing wire portions 11, it will be possible to avoid a 
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situation wherein the inspection terminal 63 to be brought into contact with a particular 
routing wire portion 11 undesirably contacts an adjoining routing wire portion 11. Thus, 
according to the embodiment, even in the case that the intervals among the routing wire 
portions 11 formed on the projecting region 10A (to be more precise, the intervals among 
the first portions 113 of the routing wire portions 11) are extremely small, accurate 
inspection can be performed. 

[00064] Furthermore, as illustrated in Fig. 5, when the inspection terminals 
63 formed to have thinner distal end portions are flexed and brought into surface contact 
with the routing wire portions 11, the portions other than the distal portions, i.e., the 
portions that are wider than the distal end portions, are also brought into contact with the 
routing wire portions 11. In this embodiment, not only the portions to be in contact with 
the distal end portions of the inspection terminals 63, but also the portions to be in contact 
with the wider portions of the inspection terminals 63 make up the second portions 114 of 
the routing wire portions 11. Therefore, even in the case that the wider portions of the 
inspection terminals 63 contact the routing wire portions 11, the portions will be 
effectively prevented from contacting other routing wire portions 11, thus permitting 
accurate inspection to be achieved. 

[00065] As a configuration for avoiding the contact of the inspection terminal 
63 with a routing wire portion 11 other than the desired routing wire portion 11, the width 
of all portions of the routing wire portions 11 might possibly be reduced (for example, the 
width could be the same width as that of the second portions 114 in this embodiment). In 
such a case, however, the wire resistance in the routing wire portions 11 would be 
increased, causing a problem in that the display quality of the liquid crystal apparatus is 
deteriorated or the routing wire portions 11 can easily be broken. This embodiment is 
advantageous in that the occurrence of such problems can be restrained since only the 
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portions of the routing wire portions 11 that are to be in contact with the inspection 
terminals 63 are made narrower. 

[00066] A liquid crystal apparatus according to a second embodiment of the 
present invention will now be described. This liquid crystal apparatus is of a transflective 
type that functions as a reflective type when there is sufficient outside light, while it 
functions primarily as a transmissive type by lighting a backlight unit when there is 
insufficient outside light. 

[00067] Fig. 6 is a perspective view showing an entire configuration of a 
liquid crystal panel of the liquid crystal apparatus. As shown in the drawing, a liquid 
crystal panel 101 constituting the liquid crystal apparatus has an observing-side substrate 
200 and a rear-side substrate 300 that are attached to each other through the intermediary 
of a frame-shaped sealing member, and liquid crystal 160 of, for example, a TN (Twisted 
Nematic) type, sealed in the gap therebetween. To be more specific, an opening is 
provided in a part of a sealing member 110, and the opening is sealed up by a sealing 
member 1101 after the liquid crystal is injected. 

[00068] The surface of the observing-side substrate 200 that opposes the rear- 
side substrate 300 is provided with a plurality of common electrodes 214 that extend in a 
direction X. The surface of the rear-side substrate 300 that opposes the observing-side 
substrate 200 is provided with a plurality of segment electrodes 314 that extend in a 
direction Y. This means that, in a region where the common electrodes 214 and the 
segment electrodes 314 oppose each other, a voltage will be applied to the liquid crystal 
160 by both electrodes, so that the intersection regions will function as sub-pixels. 

[00069] A driver IC 122 for driving the common electrodes 214 and a driver 
IC 124 for driving the segment electrodes 314 are respectively mounted by the COG 
technology on two sides of the rear-side substrate 300 that project from the observing-side 



-20- 

Attorney Docket No. 9319S-000289 

substrate 200. Furthermore, on one of the two sides, an FPC board 150 is joined to a 
region on the outer side of the region where the driver IC 124 is mounted. 

[00070] The common electrodes 214 formed on the observing-side substrate 
200 are connected, through the intermediary of the conductive particles mixed in the 
sealing member 110, to one end of each of the wires 350 formed on the rear-side substrate 
300. Meanwhile, the other end of each of the wires 350 are connected to an output bump 
of the driver IC 122. This means that common signals output from the driver IC 122 are 
applied to the common electrodes 214 through the intermediary of the wires 350 and the 
conductive particles. The input bump of the driver IC 122 and the FPC board 150 are 
connected by wires 360. 

[00071] The segment electrodes 314 formed on the rear-side substrate 300 are 
connected to the output bump of the driver IC 124. Accordingly, segment signals output 
from the driver IC 124 are directly applied to the segment electrodes 314. The input bump 
of the driver IC 124 and the FPC board 150 are connected by wires 370. 

[00072] Referring now to Fig. 7 through Fig. 9, a detailed configuration of 
the liquid crystal panel 101 will be explained. Fig. 7 is a partial sectional view showing a 
configuration observed when the liquid crystal panel 101 is cut in a direction X in Fig. 6. 
Fig. 8 is a partial sectional view showing a configuration observed when the liquid crystal 
panel 101 is cut in a direction Y in Fig. 6. Fig. 9 is a top plan view perspectively showing, 
from the observing side, a detailed configuration of the wires in the vicinity of the side on 
which the driver IC 122 is mounted in the region where the sealing member 110 is formed. 

[00073] As shown in Fig. 7 and Fig. 8, a phase difference plate 123 and a 
polarizer 121 are attached to the outer surface of the observing-side substrate 200. 
Meanwhile, a light-shielding film 202 is formed on the inner surface of the observing-side 
substrate 200 to prevent color mixture among the sub-pixels and also to function as a 
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frame for defining a display region. Furthermore, color filters 204 are provided in a 
predetermined arrangement to correspond to the regions where the common electrodes 
214 and the segment electrodes 314 intersect with each other (to correspond to the 
opening regions of the light-shielding film 202). This embodiment exemplifies a case 
where a stripe array is adopted, in which the color filters 204 of R (red), G (green), and B 
(blue) are aligned. Accordingly, a substantially square single pixel is provided for every 
three sub-pixels corresponding to R, G, and B; however, the arrangement mode of the sub- 
pixels of the colors is not limited thereto. 

[00074] A planarizing film 205 formed of an insulating material removes a 
level difference between the light-shielding film 202 and the color filters 204. The 
aforesaid plurality of common electrodes 214 are formed on the surface of the planarizing 
film. Each of the common electrodes 214 is a band-shaped electrode formed of a 
transparent conductive material, such as ITO. An alignment layer 208 made of polyimide 
is formed on the surface of the planarizing film 205 and the common electrodes 214. The 
alignment layer 208 has been rubbed in a predetermined direction. The light-shielding 
film 202, the color filters 204, and the planarizing film 205 are unnecessary outside the 
display region. Hence, these elements are not provided on the outer side of the vicinity of 
the inner periphery of the sealing member 110, as shown in Fig. 7 and Fig. 8. 

[00075] Meanwhile, a phase difference plate 133 and a polarizer 131 are 
attached to the outer surface of the rear-side substrate 300. The inner surface of the rear- 
side substrate 300 is entirely covered with a base film 301. A reflective film 302 is formed 
on the front surface of the base film 301. The base film 301 is a film for improving the 
adhesion of the reflective film 302 to a substrate. The reflective film 302 is formed by 
silver alone or an alloy or the like containing silver as its primary component. The light 
incident upon the liquid crystal panel 101 from the observing-side substrate 200 reflects 
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on the surface of the reflective film 302 and exits to the observing side, thereby 
implementing reflective-type display. As shown in Fig. 7 through Fig. 9, in the reflective 
film 302, two openings 309 are provided for each sub-pixel. The emergent light from the 
backlight unit passes through the openings 309 and exits to the observing side, thereby 
implementing transmissive type display. 

[00076] Subsequently, a configuration of the vicinity of the region where the 
sealing member 110 is formed in the liquid crystal panel 101 will be described. As shown 
in Fig. 9, the common electrodes 214 are provided such that they extend to the region 
where the sealing member 110 is formed on the observing-side substrate 200. On the 
other hand, a transparent conductive film 354 constituting the wires 350 is provided on the 
surface of the rear-side substrate 300 extending to the region where the sealing member 
110 is formed so that it opposes the common electrodes 214. Thus, the common 
electrodes 214 on the observing-side substrate 200 and the transparent conductive film 
354 on the rear-side substrate 300 are electrically connected through the intermediary of 
conductive particles 1102 dispersed in the sealing member 110. In Fig. 7 and Fig. 8, for 
the purpose of convenience, the conductive particles 1102 are shown in a significantly 
larger size than their actual size, so that it looks as if only one conductive particle 1102 is 
disposed in the width direction of the sealing member 110. Actually, however, numerous 
conductive particles 1102 are disposed in the width direction of the sealing member 110, 
as shown in Fig. 9. 

[00077] The wires 350 are electrically connected to the common electrodes 
214 and the output terminal of the driver IC 122, and a reflective conductive film 352 and 
a transparent conductive film 354 are laminated. Of these films, the reflective conductive 
film 352 in this embodiment is produced by patterning a conductive layer that is 
composed of silver alone or a silver alloy containing silver as its primary component 
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formed by high temperature sputtering, for example. The transparent conductive film 354 
is produced by patterning a conductive layer composed of the same material, such as ITO, 
as that of the segment electrodes 314 so that it is one size larger than the reflective 
conductive film 352. Fig. 10 is a sectional view taken at the line C-C in Fig. 9. As shown 
in Fig. 10, the transparent conductive film 354 is formed so that its edge portion projecting 
beyond the reflective conductive film 352 contacts a protective film 303. However, as 
shown in Fig. 7 and Fig. 9, in the region where the sealing member 110 is formed, the 
reflective conductive film 352 is not formed, and only the transparent conductive film 354 
is formed. 

[00078] Meanwhile, the segment electrodes 314 are drawn out of the frame of 
the sealing member 110 on the rear-side substrate 300, deposited on the reflective 
conductive film 312, and drawn out as the wires 310 to the output bump of the driver IC 
124, as shown in Fig. 8. To be more specific, the segment electrodes 314 drawn out of the 
sealing member 110 are formed to be one size larger than the reflective conductive film 
312, as indicated by the parenthesized reference numerals in Fig. 10, such that the edge 
portion thereof projecting beyond the reflective conductive film 312 is in contact with the 
protective film 303. 

[00079] Subsequently, in the rear-side substrate 300, configurations of the 
region wherein the driver IC 122 or 124 is mounted, and the region wherein the FPC board 
150 is mounted will be explained. Fig. 11 is a sectional view showing the configurations 
of these regions. Fig. 12 is a top plan view showing the configuration of the vicinity of the 
region wherein the driver IC 122 is mounted, as viewed from the observing side. As 
described above, the rear-side substrate 300 is provided with the wires 350, 360, and 370 
in addition to the segment electrodes 314. Here, however, the descriptions will be given, 
taking the wires 350 and 360 related to the driver IC 122 as examples. 
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[00080] As shown in the drawings, the driver IC 122 is mounted by the COG 
technology on the rear-side substrate 300 through the intermediary of an anisotropic 
conductive film made of an adhesive agent 130, such as an epoxy resin, containing 
conductive particles 134 evenly dispersed therein. More specifically, with the driver IC 
122 joined onto the rear-side substrate 300 by the adhesive agent 130, an output bump 
129a of the driver IC 122 is electrically connected to the transparent conductive film 354 
constituting the wires 350, and an input bump 129b for receiving signals from the FPC 
board 150 is electrically connected to a transparent conductive film 364 constituting the 
wires 360, respectively, through the intermediary of the conductive particles 134 in the 
adhesive agent 130. 

[00081] As described above, the reflective conductive film 352 and the 
transparent conductive film 354 that are laminated form the wires 350 for supplying the 
common signals output from the driver IC 122 to the common electrodes 214. However, 
as shown in Fig. 11 and Fig. 12, the portion of the wires 350 that reaches the region 
wherein the driver IC 122 is mounted is not provided with the reflective conductive film 
352, and provided only with the transparent conductive film 354, as in the case of the 
region wherein the sealing member 110 is formed. In other words, the reflective 
conductive film 352 is formed, avoiding the portion wherein the wires 350 and the driver 
IC 122 are connected. 

[00082] Furthermore, as shown in Fig. 12, the wires 350 have first portions 
113 that include both end portions of the wires 350, and second portions 114 having a 
width smaller than that of the first portions 113. The second portions 114 are the portions 
to be brought into contact with the inspection terminals 63 during the lighting inspection, 
as in the case of the first embodiment described above. As discussed above, in this 
embodiment, the wires 350 are formed of the laminated transparent conductive film 354 
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and the reflective conductive film 352 except for the portion covered by the sealing 
member 110 and the portion wherein the driver IC 122 is connected. Hence, as shown in 
Fig. 12, the second portions 114 of the wires 350 are also formed of the laminated 
transparent conductive film 354 and the reflective conductive film 352. 

[00083] The wires 360 for supplying various signals supplied from the FPC 
board 150 to the driver IC 122 are configured as similarly as the wires 350. More 
specifically, the wires 360 are formed of a reflective conductive film 362 and a transparent 
conductive film 364 that are laminated, as indicated by the parenthesized reference 
numerals in Fig. 10. However, as shown in Fig. 12, in the wires 360, the portions where 
the driver IC 122 is mounted and the portions to which the FPC board 150 (not shown in 
Fig. 12) is joined are not provided with the reflective conductive film 362, and provided 
only with the transparent conductive film 364. 

[00084] Here, the descriptions have been given by taking the wires 350 and 
360 associated with the driver IC 122 as the examples. The wires 310 and 370 associated 
with the driver IC 124 have the same configurations as those of the wires 350 and 360, as 
respectively indicated by the parenthesized reference numerals in Fig. 11. 

[00085] As in the case of the wires 350, the wires 310 for supplying the 
segment signals output from the driver IC 124 to the segment electrodes 314 have the first 
portions 113 that include both ends of the wires 310, and the second portions 114 that are 
narrower than the first portions 113. The reflective conductive film 312 and the 
transparent conductive film, namely, the segment electrodes 314, are laminated over a 
major part, including the second portions 114, of the wires 310. The reflective conductive 
film 312 is provided, avoiding the portion of the wires 310 where the driver IC 124 is 
mounted. 

[00086] Meanwhile, as in the case of the wires 360, a reflective conductive 
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film 372 and a transparent conductive film 374 that are laminated form the wires 370 for 
supplying a variety of signals supplied from the FPC board 150 to the driver IC 124. 
However, in the wires 370, the portion wherein the driver IC 124 is mounted and the 
portions wherein the FPC board 150 is joined are not provided with the reflective 
conductive film 374, but provided only with the transparent conductive film 374. 

[00087] As in the case of the driver IC 122, the driver IC 124 is mounted on 
the rear-side substrate 300 through the intermediary of an anisotropic conductive film. 
Similarly, the anisotropic conductive film is used to join the FPC board 150 to the wires 
360 and 370. More specifically, as shown in Fig. 11, a base member 152 of the FPC board 
150 is joined onto the rear-side substrate 300 through the intermediary of an adhesive 
agent 140, and a wire 154 formed on the base member 152 is electrically connected to the 
transparent conductive film 364 constituting the wires 360 and the transparent conductive 
film 374 constituting the wires 370, respectively, through the intermediary of the 
conductive particles 144 in the adhesive agent 140. 

[00088] Referring now to Fig. 13 and Fig. 14, the manufacturing process of 
the liquid crystal apparatus described above, especially the manufacturing process for the 
rear-side substrate will be explained. Here, centering around the segment electrodes 314 
and the wires 350, the region inside the sealing member (the display region), the sealing 
member, and the region outside the sealing member will separately be described. 

[00089] First, as shown in Fig. 13 (a), Ta 2 0 5 or Si0 2 or the like is deposited 
by sputtering, for example, on the entire inner surface of the substrate 300 thereby to form 
the base film 301. Subsequently, as shown in (b) of the drawing, a reflective conductive 
layer 302' made of silver alone or silver as its primary component is formed by sputtering 
at a relatively low temperature (approximately 200°C). Then, as shown in (c) of the 
drawing, the conductive layer 302' is patterned by photolithography and etching, thereby 
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forming the reflective film 302 that has openings 309. 

[00090] Thereafter, as shown in (d) of the drawing, the protective film 303 
containing, for example, titanium oxide, is formed on the entire surface of the substrate so 
as to cover the reflective film 302. Furthermore, as shown in (e) of the drawing, a 
reflective conductive film 352' containing silver alone or silver as its primary component 
is formed on the protective film 303 by sputtering at a relatively high temperature 
(approximately 400°C). The conductive layer 352' is desirably formed of an APC alloy of 
silver, palladium, and copper, an alloy of silver, copper, and gold, or an alloy of silver, 
ruthenium (Ru), and copper, as in the case of the conductive layer 302' making up the 
reflective film 302. 

[00091] Next, as shown in Fig. 14 (f), the conductive layer 352' is patterned 
by using photolithography or etching to form the reflective conductive films 312, 362, and 
372 making up the wires 310, 360, and 370 in addition to the reflective conductive film 
352 making up the wires 350. Thereafter, as shown in (g) of the drawing, a transparent 
conductive layer 314' of ITO is formed by sputtering or ion plating. 

[00092] Subsequently, as shown in (h) of the drawing, the conductive layer 
314' is patterned by photolithography and etching. Thus, the segment electrodes 314 are 
formed inside the sealing frame, while the transparent conductive films 354, 364, and 374 
are respectively formed outside the sealing frame. At this time, as shown in Fig. 10, the 
segment electrodes 314 and the transparent conductive films 354, 364, and 374 are formed 
so that their edges are in contact with the protective film 303. This makes it possible to 
prevent the reflective conductive films 312, 352, 362, and 372 from being exposed to the 
outside air after the conductive film 314' is formed, thus protecting them from corrosion or 
peeling. Next, as shown in (i) of the drawing, a polyimide solution, for example, is 
applied and baked onto the surface of the rear-side substrate 300 so as to form the 
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alignment layer 308. Then, the alignment layer 308 is subjected to rubbing treatment. 

[00093] After that, the rear-side substrate 300 obtained by the above process 
and the observing-side substrate 200 having the alignment layer 208, which has been 
subjected to the rubbing treatment, are attached together through the intermediary of the 
sealing member 110. Then, after liquid crystal is injected through an opening of the 
sealing member 110, the opening is sealed with the sealing agent 1101. Thereafter, the 
same lighting inspection as described in conjunction with the example shown in Fig. 5 in 
the foregoing first embodiment is performed. More specifically, also in this embodiment, 
in a state wherein all of a plurality of inspection terminals 63 provided on an inspection 
apparatus 60 are in surface contact with all second portions 114 of the wires 350 or 360, 
test drive signals are supplied to the common electrodes 214 and the segment electrodes 
214. It is then determined whether the liquid crystal panel is good or bad based on an 
image displayed as a result. After such an inspection process, the driver ICs 122 and 124 
as well as the FPC board 150 are mounted so as to obtain the liquid crystal panel 101 
shown in Fig. 6. 

[00094] Thus, also in this embodiment, the width of the second portions 114 
of the wires 310 and 350 formed outside the sealing frame is made smaller than the first 
portions 113, as in the case of the foregoing first embodiment. Accordingly, even in the 
case of the small intervals among the wires, accurate inspection can be accomplished by 
bringing the inspection terminals 63 into contact with the second portions 114. 

[00095] Furthermore, the liquid crystal apparatus according to this 
embodiment is adapted to make up a single pixel with a plurality of sub-pixels 
individually corresponding to different colors. A liquid crystal apparatus that enables such 
type of full-color display has more wires than a monochromic display liquid crystal 
apparatus having the same number of pixels, because a single pixel is constituted by three 
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sub-pixels, resulting in smaller intervals among wires on a substrate. Hence, the present 
invention is markedly advantageous when applied to a liquid crystal apparatus that enables 
full-color display. It is needless to say, however, that the present invention can be 
advantageously applied to a monochromic display liquid crystal apparatus as well, as 
shown in the foregoing first embodiment. 

[00096] In this embodiment, the wires 310, 350, 360, and 370 are 
respectively constructed by the segment electrodes 314, the transparent conductive films 
354, 364, and 374, and the reflective conductive films 312, 352, 362, and 372 that are 
laminated. Therefore, the resistance can be reduced, as compared with a case where the 
wires are formed by any one single layer. In particular, the second portions 114 of the 
wires 310 and 350 are narrower than the remaining portions (the first portions 113), 
possibly leading to higher wire resistance. For this reason, forming the reflective 
conductive films 314 and 352 having relatively low resistance values in the second 
portions 114 results in particularly marked effect for restraining an increase in the wire 
resistance. 

[00097] In this embodiment, the reflective conductive films 352 and 312 are 
respectively formed over a major part of the wires 310 and 350. However, from a 
viewpoint of controlling an increase in the resistance value caused by reducing the width 
of the second portions 114 in the wires 310 and 350, it is not always necessary to form the 
reflective conductive films 352 and 312 over the major part of the wires 310 and 350. 
Instead, the reflective conductive films may be formed only over the second portions 114 
in the wires 310 and 350. 

[00098] Furthermore, in this embodiment, the reflective conductive film 352 
constituting the wires 350 is formed, avoiding the region wherein the sealing member 110 
is formed and the region wherein the driver IC 122 is mounted. Similarly, the reflective 
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conductive film 312 constituting the wires 310 is formed, avoiding the region wherein the 
driver IC 122 is mounted. This is because the reflective conductive film 352 formed of a 
silver alloy has lower adhesion to another material than a transparent conductive film 
formed of ITO, and therefore, is not desirably provided in a portion subjected to an 
external force. In other words, if priority is given to reduced wire resistance, then it is 
desirable to form a reflective conductive film all over the base layer of segment electrodes 
or a transparent conductive film. However, in the case of this configuration, the adhesion 
between the reflective conductive film and the rear-side substrate 300 is low. Therefore, it 
is very likely that the reflective conductive film positioned in the region wherein a driver 
IC is mounted comes off from the rear-side substrate 300, for example, when an external 
force is applied to the driver IC. For this reason, in this embodiment, the reflective 
conductive film is not formed in the regions of the wires that may be subjected to an 
external force, namely, the region wherein the sealing member 110 is formed, the region 
wherein the driver IC is mounted, and the region wherein the FPC board is mounted. 
Instead, only the transparent conductive film made of ITO is formed, thus preventing the 
reflective conductive film from peeling off. 

[00099] In the second embodiment, the protective film 303 is formed to cover 
the entire surface of the rear-side substrate 300 on which the reflective film 302 has been 
formed, then the reflective conductive films 312, 352, 362, and 372 are formed on the 
surface of the protective film 303. This embodiment is configured so that the same layer 
forms the reflective film 302 and the reflective conductive films 312, 352, 362, and 372. 
More detailed explanation will be given below. 

[000100] In a liquid crystal apparatus according to this embodiment, a general 
configuration of a liquid crystal panel thereof is approximately the same as the second 
embodiment (refer to Fig. 6). However, a liquid crystal panel 101' in this embodiment is 
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different from the liquid crystal panel 101 according to the second embodiment (refer to 
Fig. 7 and Fig. 8) in that a protective film 303 is formed only inside a sealing frame, as 
shown in Fig. 15 and Fig. 16. Fig. 15 and Fig. 16 correspond to Fig. 7 and Fig. 8, 
respectively, in the foregoing second embodiment. 

[000101] Thus, in this embodiment, the protective film 303 is not formed 
outside the sealing frame, so that wires 310, 350, 360, and 370 are provided on a base film 
301 rather than on the protective film 303. This means that the peripheral portions of 
transparent conductive films 314, 354, 364, and 374 and reflective conductive films 312, 
352, 362, and 372 contact the base layer 301. The rest of the configuration, including the 
mode of wires, is the same as that shown in the second embodiment, and the descriptions 
thereof will be omitted. 

[000102] The liquid crystal panel 101' according to the embodiment is 
fabricated by the following process. Specifically, in the step shown in Fig. 13 (b), a 
conductive film 302' is formed to cover the rear-side substrate 300, on which the base film 
301 has been formed, then the conductive film 302' is patterned by photolithography and 
etching to simultaneously form the reflective film 302 having openings 309 inside the 
sealing frame, and the reflective conductive films 352, 312, 362, and 372 outside the 
sealing frame, respectively. Subsequently, in the rear-side substrate 300, the protective 
film 303 is formed, for example, from titanium oxide, to cover the reflective film 302 
inside the sealing frame. The process after this is the same as that of the first embodiment, 
so that the descriptions thereof will be omitted. 

[000103] Thus, according to the embodiment, the reflective film 302 and the 
reflective conductive films 352, 312, 362, and 372 are formed in the same step, such that 
the manufacturing process can be simplified, and the manufacturing cost can be reduced, 
as compared with a case where they are formed in separate steps (a step of forming film 
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by sputtering and a patterning step). 

[000104] The above first to third embodiments have illustrated the liquid 
crystal apparatuses employing liquid crystal as the electro-optical material. This 
embodiment will illustrate a case where the present invention is applied to an EL 
apparatus employing an EL luminescent layer as its electro-optical material. 

[000105] Fig. 17 is a perspective view showing appearance of the EL 
apparatus according to this embodiment. Fig. 18 is a sectional view taken at the line D-D' 
in Fig 17. As shown in these drawings, the EL apparatus has a driver ICs 411 and 412 as 
well as FPC boards 421 and 422 that are mounted on a substrate 401 making up an EL 
panel 102. 

[000106] The EL panel 102 has a light-transmitting substrate 401 made of 
glass, quartz, or plastics, for example. A plurality of segment electrodes 402 are formed 
on the surface of the substrate 401. Each of the segment electrodes 402 is a band-shaped 
electrode extending in a direction Y in the drawing, and is formed of a transparent 
conductive material, such as ITO. Furthermore, an EL luminescent layer in an even 
thickness 403 is deposited on the surface of the substrate 401 on which the segment 
electrodes 402 have been formed. Furthermore, a plurality of common electrodes 404 are 
formed on the surface of the EL luminescent layer 403, the surface being on the opposite 
side from the segment electrodes 402. Each of the common electrodes 404 is a band- 
shaped electrode extending in a direction for intersecting with the segment electrodes 402. 
The common electrodes 404 are formed from a metal alone, such as aluminum or silver, or 
an alloy containing at least one of them as its primary component, and have light 
reflecting properties. Furthermore, on the surface of the substrate 401, a frame-shaped 
sealing member 405 is formed to surround the EL luminescent layer 403, and a cover 406 
is mounted via the sealing member 405. 
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[000107] As shown in Fig. 17, driver ICs 411 and 412 are mounted by the 
COG technology in the region of the surface of the substrate 401, and the region is located 
outside the sealing member 405. As shown in Fig. 18, the common electrodes 404 cross 
the sealing member 405 to reach the outer side of the sealing member 405, and the ends 
thereof are connected to an output bump of the driver IC 412. Similarly, the segment 
electrodes 402 extend to reach the outer side of the sealing member 405, and the ends 
thereof are connected to an output bump of the driver IC 411. Portions 404a of the 
common electrodes 404 that extend beyond the sealing frame and portions 402a of the 
segment electrodes 402 that extend beyond the sealing frame have first portions 113 and 
second portions 114 having a width smaller than that of the first portions 113, as in the 
case of the routing wire portions 11 of the liquid crystal panel according to the foregoing 
first embodiment shown in Fig. 1. The second portions 114 are the portions to which the 
inspection terminals 63 are to be brought into contact during the lighting inspection. 

[000108] In the vicinity of the periphery of the substrate 401, panel terminals 
407 and 408 are formed. The panel terminals 408 are connected to an input bump of the 
driver IC 412, as shown in Fig. 18. Similarly, the panel terminals 407 are connected to an 
input bump of the driver IC 411. The FPC boards 421 and 422 are respectively joined, 
through the intermediary of an anisotropic conductive film, to the vicinity of the periphery 
of the substrate 401 where the panel terminals 407 and 408 are formed. Thus, while the 
wires formed on a base member 421a of the FPC board 421 connect to the panel terminals 
407, the wires formed on a base member 422a of the FPC board 422 connect to the panel 
terminals 408. In this configuration, the driver ICs 411 and 412 are respectively driven by 
signals supplied through the intermediary of the FPC substrates 421 and 422 from an 
external circuit, which is not shown in the drawing. As a result, a predetermined voltage is 
applied across the segment electrodes 402 and the common electrodes 404 to cause the EL 
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luminescent layer 403 installed between the two electrodes to emit light. At this time, the 
common electrodes 404 function also as a reflective film. 

[000109] The EL apparatus according this embodiment also provides the same 
advantage as that of the first embodiment. More specifically, also in this embodiment, the 
width of the second portions 114 of the segment electrodes 402 and the common 
electrodes 404 that extend beyond the sealing frame is made smaller than the width of the 
first portions 113. Therefore, when the lighting inspection is performed before the driver 
ICs 411 and 412 are mounted on the EL panel 102, the inspection terminals 63 are brought 
into surface contact with the second portions 114 in the same manner as that illustrated in 
Fig. 5. Thus, accurate inspection can be performed even with the small intervals among 
the wires. 

[000110] The embodiments of the present invention have been described. The 
embodiments are strictly for the purpose of exemplification, and a variety of modifications 
may be added within a scope that does not depart from the spirit of the present invention. 
Such modifications may include, for example, the following. 

[000111] In an electro-optical device in which a driver IC is mounted on a 
substrate, the intervals among the wires, in particular, must be made smaller since it is 
necessary to concentrate the wires that are formed on the substrate such that they reach a 
region wherein the driver IC is mounted. Hence, the present invention can provide an 
especially marked advantage when applied to an electro-optical device in which a driver 
IC is mounted on a substrate. However, this does not limit the application scope of the 
present invention. More specifically, there may be a situation that the intervals among 
wires have to be set small, provided with a greater number of electrodes in order to meet a 
demand for a higher definition of display. In consideration of such a situation, the present 
invention can be effectively applied to, for example, an electro-optical device as well, in 
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which a driver IC is mounted on an FPC substrate. To be more specific, as shown in Fig. 
19, the present invention can be also applied to an electro-optical device (a liquid crystal 
apparatus in this case) in which no driver IC is mounted on a substrate. In the liquid 
crystal apparatus shown in the drawing, a driver IC 126 is mounted on an FPC board 150 
by a technology, such as flip chip bonding. In this case, wires 310 and 350 for connecting 
the FPC board 150 with common electrodes 214 or segment electrodes 314 are provided 
with first portions 113 and second portions 114 that are narrower than the first portions 
113, as in the case of the foregoing embodiments. By using TAB (Tape Automated 
Bonding) technology, it is also possible to bond the driver IC 126 at its inner leads, and to 
join it to a liquid crystal panel 100 at its outer leads. 

[000112] In the first to third embodiments described above, the liquid crystal 
apparatus of a passive matrix type is exemplified. The present invention can also be 
applied to an active matrix type liquid crystal apparatus. A conceivable active matrix type 
liquid crystal apparatus is provided with, for example, a two-terminal switching element 
represented by a TED (Thin Film Diode) or a three-terminal switching element 
represented by a TFT (Thin Film Transistor). 

[000113] The first to third embodiments described above exemplify the cases 
where only one substrate of a pair of substrates holding liquid crystal therebetween has the 
region projecting beyond the other substrate. The application of the present invention is 
not limited to such a liquid crystal apparatus. The present invention can also be applied to 
a liquid crystal apparatus in which both of a pair of substrates have the regions that project 
beyond the other substrate, and wires are formed in the regions of the individual 
substrates. Thus, the present invention can be applied to a liquid crystal apparatus as long 
as at least one of a pair of substrates that hold liquid crystal therebetween has a region that 
projects beyond the other substrate. 
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[000114] The embodiments described above exemplify the cases where the 
middle portions of the wires are formed in the region other than the region in the substrate 
that opposes the electro-optical device and serve as the second portions having a width 
smaller than that of the first portions positioned at both ends of the wires. However, this 
does not limit the position of the second portions. For example, the second portions may 
be provided by reducing the width of the vicinity of the end portions at one side (e.g., the 
portions to be connected with the terminals of a driver IC) of the wires. In brief, an 
important point is that the width of any portions (the second portions) of the wires (routing 
wire portions) are formed in a region other than the region in a substrate that opposes an 
electro-optical device, and the width of the portions is smaller than the width of the 
remaining portions (the first portions). 

[000115] In the embodiments described above, both of the wires connected to 
the common electrodes and the wires connected to the segment electrodes have the first 
portions 113 and the second portions 114. Alternatively, however, only one of them may 
have the first portions 113 and the second portions 114. Considering that the present 
invention is especially markedly advantageous when applied to a case where intervals 
among wires are small, the wires connected to common electrodes or segment electrodes, 
whichever have more electrodes, are desirably equipped with the second portions 114. For 
instance, a typical electro-optical device has more segment electrodes than common 
electrodes. Accordingly, considering that the number of wires connected to segment 
electrodes is greater than the number of wires connected to common electrodes, the wires 
connected to the segment electrodes are preferably provided with the first portions 113 and 
the second portions 114. 

[000116] In the embodiments described above, the image displayed on the 
electro-optical device has been visually checked by an operator to determine whether the 
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apparatus is good or bad. However, the technique for determining whether it is good or 
bad is not limited thereto. For example, a displayed image may be photographed by a 
CCD camera, and the image may be subjected to image processing by using a personal 
computer, such that check for any pixels that are not ON is conducted. Also, whether the 
electro-optical device is good or bad is determined based on the result. Furthermore, in 
the foregoing embodiments, all pixels have been turned ON in the inspection process. 
Alternatively, however, pixels may be selectively turned ON to cause them to display a 
predetermined test pattern. 

[000117] In the above embodiments, the liquid crystal apparatus using liquid 
crystal as the electro-optical material, and the EL apparatus using the EL luminescent layer 
as the electro-optical material are exemplified; however, the applications of the present 
invention are not limited thereto. For example, the inspection method in accordance with 
the present invention can be also applied to the lighting inspections of diverse electro- 
optical devicees, including a plasma display (PDP). In other words, the present invention 
can be applied to diverse electro-optical devicees having a plurality of wires densely 
formed on a substrate. 

[000118] Now described is a specific example wherein the electro-optical 
device in accordance with the present invention is applied to electronic equipment. 

[000119] First, an example will be described, in which the liquid crystal 
apparatus shown in the above second embodiment is applied to a mobile personal 
computer. Fig. 20 is a perspective view showing a configuration of the personal computer. 
In the drawing, a personal computer 600 is constructed by a main unit 602 equipped with a 
keyboard 601, and a liquid crystal display unit 603. The liquid crystal display unit 603 has 
the liquid crystal panel 101 shown in the second embodiment and a backlight (not shown 
in the drawing) disposed at the rear of the liquid crystal panel 101. Thus, the display unit 



-38- 

Attorney Docket No. 9319S-000289 

works as a reflective type in the presence of outside light, while it works as a transmissive 
type by turning the backlight ON in the case of insufficient outside light , thereby allowing 
display to be visually checked. 

[000120] Now described is an example wherein a liquid crystal apparatus is 
applied to the display unit of a cellular telephone. Fig. 21 is a perspective view illustrating 
a configuration of the cellular telephone. In the drawing, a cellular telephone 610 is 
equipped with a plurality of control buttons 611, an ear piece 612, a mouthpiece 613, and a 
liquid crystal panel 100 shown in the above first to third embodiments. 

[000121] A digital still camera using a liquid crystal apparatus as its finder will 
now be described. Fig. 22 is a perspective view showing a configuration of the digital still 
camera. In the drawing, the mode of connection between the digital still camera and 
external equipment is shown in a simplified manner. 

[000122] A regular camera is adapted to expose a film by an optical image of 
an object, while the digital still camera 620 photoelectrically transfers the optical image of 
the object by an imaging device, such as a CCD, to generate imaging signals. On the rear 
surface of a case 621 in the digital still camera 620, a liquid crystal panel 101 according to 
the foregoing second embodiment is provided to perform display based on the imaging 
signals by the CCD. Hence, the liquid crystal panel 101 functions as a finder for 
displaying an object. Furthermore, on the front surface of the case 621 (on the rear 
surface in the drawing), a light receiving unit 622 including an optical lens and CCD is 
provided. 

[000123] When a photographer checks an object image displayed on the liquid 
crystal panel 101 and presses a shutter button 623, the imaging signal of the CCD at that 
point is transferred to and stored in a memory of a circuit board 624. In this digital still 
camera 620, a video signal output terminal 625 and a data communication input/output 
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terminal 626 are provided on the side surface of the case 621. In addition, as shown in the 
drawing, a television monitor 630 is connected to the video signal output terminal 625, 
and a personal computer 640 is connected to the data communication input/output 
terminal 626, as necessary. When a predetermined operation is performed, the imaging 
signal stored in the memory of the circuit board 624 is output to the television monitor 630 
or the personal computer 640. 

[000124] Electronic equipment in which the electro-optical device according 
to the present invention can be used includes a liquid crystal television, a view-finder type 
or monitor direct- viewing type video tape recorder, a car navigation device, a pager, an 
electronic datebook, an electronic calculator, a word processor, a workstation, a television 
telephone, a POS terminal, or a projector or the like employing the electro-optical device 
in accordance with the present invention as its light valve, in addition to the personal 
computer shown in Fig. 20, the cellular telephone shown in Fig. 21, and the digital still 
camera shown in Fig. 22. As described above, the electro-optical device according to the 
present invention permits accurate inspection to be achieved even when the intervals 
among wires formed on a substrate are small. Therefore, it is possible to control the 
possibility of the electro-optical device incurring display failure in the electronic 
equipment that incorporates the electro-optical device. 

[000125] As explained above, according to the present invention, accurate 
inspection can be performed even in the case that intervals among wires formed on a 
substrate are narrow. 

[000126] The entire disclosure of Japanese Patent Application No. 2000- 
333935 filed October 31, 2000 and Japanese Application No. 2001-253470 filed August 
23, 2001 is incorporated by reference herein. 



